Introduction.-A structure for the monoclinic CaSiO3 (variously called "parawollastonite" or "O wollastonite") was proposed by Barnick.1 Ito2 adapted this structure to wollastonite (sometimes called "a wollastonite" to distinguish it from "0 wollastonite"), which is the common, triclinic, mineral form of CaSiO3. In these proposed structures, there occurs the same (Si3O9) ring which is found in benitoite, CaTi(SiO3)3.
It is difficult to reconcile a benitoite ring structure with the extremely fibrous nature of the wollastonite cleavage, which points, rather, to an (SiOs) chain structure of some sort. Furthermore, the comparison of observed and computed intensities does not recommend the structure of wollastonite proposed by Ito. For this reason, the structures of the minerals of the wollastonite group were reinvestigated, using the powerful image-seeking function method. An outline of this study and some of its results are presented here. The study establishes that the structures of these minerals are indeed based upon (SiO3) chains. The structure-determination methods are described in detail in papers which appear elsewhere.
Cdlls and Symmetries.-Pectolite, Ca2NaHSi309, and wollastonite, CaSiO3, had been considered monoclinic until Warren and Biscoe3 incidentally examined them as possible members of the monoclinic pyroxenes. They found that pectolite and wollastonite, while obviously related to each other, were not closely related to the monoclinic pyroxenes, and indeed were triclinic. Peacock4 confirmed their triclinic symmetry in a later morphological study.
Bustamite, CaMn(SiO3)2, was early thought to be a member of the rhodonite group.5 After a limited X-ray investigation, Berman and Gonyer6 assigned it to the wollastonite group and called it a "manganese wollastonite."
New cell data for these minerals, obtained from precession and deJong-Bouman photographs, are offered in Table 1 . The cell data for pectolite and wollastonite are in good agreement with those of Warren and Biscoe.3 The data for bustamite are in good agreement with those of Berman and Gonyer,6 except that the new investigation shows that the cell edges a and c are double those of the wollastonitetype cell and that the space group is F1 or F1, in wollastonite orientation, instead of P1. Bustamite evidently bears a kind of superstructure relation to wollastonite, and it may be regarded as a double salt, CaSiO3* MnSiO3. Structure-Determination Method.-In a series of papers the writer7 has shown that a vector set can be solved for its fundamental set of points and that, in principle at least, a Patterson synthesis can be solved approximately for the electron density upon which it is based. To solve a Patterson synthesis, it is necessary to have a start on the solution. The start usually amounts to identification in the Patterson map of a nonmultiple peak, ordinarily a "rotation" peak in a projection. Provided that the individual peaks of the solution are reasonably greater than the Patterson background, a solution is possible.
The structures of pectolite and wollastonite were determined by solving in this manner the Patterson projections parallel to the cell edges. For this purpose the Patterson projections P(xy), P(yz), and P(xz) were prepared for pectolite and wollastonite.
The Patterson map P(xz) for pectolite was readily solved. On it was found a collection of eight peaks which bore the correct geometrical and weight relations of two sets of "rotation" peaks and their two sets of equal, unsymmetrical conjugates. For each of the two distinct rotation peaks as image point, a map of the minimum function M2(xz) was formed, with a weight proportional to the particular rotation peak. These two maps were very similar and could readily be combined to form the map of the more powerful minimum function M4(xz). This function bears such a powerful inequality relation to the electron density p(xz) that the general nature of the structure could be deduced from it.
It became evident that pectolite and wollastonite have a pseudo-identity period of b/2 along the b-axis. This made it possible to regard the crystal as composed of a substructure and a complement structure, so that the complement structure could be studied separately. To this end, not only were the Patterson syntheses of the full projections P(xy) and P(yz) studied but also the Patterson syntheses 6P(xy) and 6P(yz) of the complement structure. The latter were transformed to AI62(xy) and 6II2(yz), which, together with M2(xy) and M2(yz) of the full structure, and with p(xz) already determined, permitted the derivation of the additional electrondensity projections p(xy) and p(yz).
The structure of wollastonite was determined independently in an analogous manner. The wollastonite-type structure contains fifteen atoms in the asymmetric unit. This appears to be the largest asymmetric unit solved by direct solution of Patterson projections.
The Structure Type.-The co-ordinates of the atoms in the pectolite structure found as a result of the study just outlined are listed in Table 2 . These coordinates are still subject to refinement, especially for the oxygen atoms. The wollastonite-type structure contains SiO3 chains running parallel to the baxes of the crystals. The shape of the chains is different from that in the pyroxenes.
It can be described as a sequence of Si207 tetrahedron pairs, roughly symmetrical with respect to a plane between the tetrahedra, connected by a third kind of tetrahedron to form a single chain.
The calcium-oxygen arrangement in the wollastonite-type structure is interesting and, in part, unorthodox. To a first, rough approximation, the calcium atoms are octahedrally surrounded by oxygen atoms, and the octahedra share three edges, to form a sheet parallel to (101). In detail, there are three sets of calcium atoms:
Ca,, Ca2, and Ca3. The Ca, and Ca2 atoms have truly octahedral oxygen environments and share edges to form a lathlike strip parallel to the b-axis in the sheet parallel to (101). On the other hand, the Ca3 atom (Na in pectolite) is close to only three of the six oxygen atoms which were crudely described as constituting its octahedral co-ordination, and is much farther from the three other oxygen atoms. This inequality in distance causes rifts in the (101) sheet, so that it is dissected into a set of parallel lathlike strips which extend indefinitely in the direction of the b-axis and which have their common planar surfaces parallel to (101).
The co-ordination of the Ca3 (or Na in pectolite) is curious. Its nearest neighbors are the three oxygen atoms 02, 03, and 04. All other oxygen atoms are at distances much greater than the sum of the ionic radii of Ca (or Na) and 0. The Ca3 (or Na) atoms thus have trigonal pyramidal co-ordination, and this pyramid shares edges with the edges of the Ca, and Ca2 octahedra.
The lengths of the a-and c-axes of pectolite and wollastonite are quite close, but pectolite has a considerably shorter b-axis than wollastonite. In the structure this is reflected in the close approach of the 03 and 04 atoms of neighboring silicon tetrahedra. Evidently a hydrogen bond occurs between these atoms which results in a relative contraction of the b-axis of pectolite.
More detailed accounts of the determination of the structures of pectolite and wollastonite and more detailed descriptions of these structures are published elsewhere.
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